Background/Aims: Chronic hepatitis C (HCV) virus infection reactivates under immunosuppressive drugs and therefore has a negative impact on long-term survival of kidney transplant recipients. Treatment-induced clearance of hepatitis C virus (HCV) in kidney transplant candidates prevents virus reactivation after transplantation. Paritaprevir/Ritonavir/ Ombitasvir with Dasabuvir (PrOD) represents a highly effective treatment regimen for HCV genotype 1 (GT1), also suitable for patients with end-stage renal disease (ESRD). Serious drugdrug interactions may represent a limiting factor of this regimen. The aim of this retrospective study was to evaluate safety, efficacy and drug-drug interactions management associated with PrOD treatment in the Czech real-world cohort. Methods: Emphasizing concomitant medication adjustment, we described the treatment course with PrOD regimen in 23 patients (4 with CKD4 and 19 on maintenance haemodialysis) infected with HCV GT1 (21 GT1b, 2 GT1a), 18 males and 5 females with an average age of 53.7 years. Six patients had compensated liver cirrhosis and 3 of them were liver transplant recipients. Results: All 23 patients completed the 12-week treatment and achieved sustained virological response 12 weeks after the
Introduction
Long-term observational studies confirmed worse survival of HCV-infected kidney transplant recipients in comparison with those without HCV infection [1] [2] . Successful HCV treatment in the kidney transplant candidates, the majority of them being on maintenance haemodialysis, is the best way to prevent HCV reactivation after kidney transplantation. Unfortunately, only a small proportion of HCV infected patients underwent antiviral treatment in the era of interferon-based regimens owing to the low efficacy and poor tolerability of the treatment [3] [4] . Development of direct-acting antivirals (DAA) has represented major progress in the treatment of chronic hepatitis C (HCV) infection over the last five years. DAA-based regimens showed an excellent efficacy and tolerability also in specific group of patients who could not be treated with an interferon-based regimen in the past. An accurate selection of the DAA-based regimen, with respect to the HCV genotype, patient´s comorbidities and concomitant medication, seems to be crucial for successful treatment [5] . Paritaprevir/Ritonavir/Ombitasvir (Viekirax™, Abbvie Ltd., Maidenhead, Great Britain) with Dasabuvir (Exviera™, Abbvie Ltd., Maidenhead, Great Britain) is a triple DAAs combination (PrOD) approved in 2015 for the treatment of chronic HCV infection. PrOD regimen consists of a NS3/4A serine protease inhibitor boosted by Ritonavir, an NS5A protein inhibitor, and an NS5B non-nucleoside polymerase inhibitor. The PrOD combination, with or without Ribavirin (RBV), showed high antiviral efficacy in patients infected with HCV genotype 1, including those with liver cirrhosis, HIV coinfection, and liver transplant [6] [7] [8] [9] [10] . The favourable efficacy profile of PrOD is pronounced especially in patients infected with HCV subtype 1b, who achieved sustained virological response (SVR) in 100% without RBV addition even if they had liver cirrhosis [11] . The presence of basal resistant substitutions in the virus genome has no significant influence on the antiviral efficacy of the PrOD regimen [12] . Hepatic metabolism plays a crucial role in the elimination of PrOD; therefore, no dose adjustment is required in patients with severe renal impairment. The high antiviral efficacy and favourable safety profile of PrOD was also demonstrated in patients with severe renal impairment as well as in patients on maintenance haemodialysis infected with HCV genotype 1 (95% SVR rate) in a prospective registration trial [13] . Recently published real-world cohort studies showed similar data on PrOD efficacy, safety, and tolerability in haemodialysed patients [14] [15] [16] [17] . A substantial number of drug-drug interactions represents the only limitation of PrOD regimen [18] . The hepatic metabolism of PrOD causes changes in liver enzyme activities and, therefore, modifies the elimination of other drugs.
Paritaprevir and Ritonavir are mostly metabolized through the CYP3A system. The primary role of Ritonavir in the fixed-dose combination is CYP3A system inhibition so that Paritaprevir exposition is decreased and its once-daily administration is allowed. Paritaprevir is a substrate and inhibitor of organic anion transporting polypeptide (OATP) 1B1/B3, P-glycoprotein (P-gp), and breast cancer resistance protein (BCRP). Ritonavir also inhibits P-gp and BCRP. Dasabuvir is mostly metabolized by CYP2C8 and partially by CYP3A4 and is also a P-gp and BCRP inhibitor. Ombitasvir undergoes amide hydrolysis followed by oxidative metabolism. PrOD should not be administered concomitantly with strong CYP3A4 inducers or strong CYP2C8 inhibitors. PrOD has a drug-drug interaction with some antihypertensive drugs, antiarrhythmics, antiepileptics, statins, and immunosuppressants [19, 20] .
Patients with severe renal impairment and haemodialysed patients represent a special groups of HCV patients with a high risk of drug-drug interactions. In general, these patients are of older age with frequent comorbidities and abundant concomitant medication [21, 22] . We evaluated the safety and efficacy of PrOD regimen in a group of 23 patients, including 4 patients with severe renal impairment and 19 patients on maintenance haemodialysis, all infected with HCV genotype 1. We describe in detail the drug-drug interactions management, which was the crucial point in the PrOD treatment in this group of patients.
Materials and Methods

Study design and eligibility of patients
We retrospectively evaluated 23 patients with chronic kidney disease (CKD) [23] ; 4 of them with severe renal impairment (CKD4) and 19 on maintenance haemodialysis (CKD5). All patients were referred to antiviral treatment as kidney transplant candidates before enlistment for kidney transplantation from July 2015 to August 2016. The cohort consisted of 18 males and 5 females with an average age of 53.7 years (range had unknown mode of infection. Eleven of the 23 patients had normal baseline ALT activity, among the remaining 12 patients with elevated baseline ALT activity, none exceeded 5 times upper limit of normal ALT value. Median pretreatment HCV RNA level was 785,500 UI/ml (interquartile range 71,800-3,065,000 IU/ml). Nine patients failed previous peginterferon-α and RBV therapy (6 nullresponders, 3 relapsers), 14 patients were HCV treatment-naïve. Baseline patients´ characteristics including significant comorbidities are summarized in Table 1 .
Pretreatment stage of liver fibrosis was assessed in 21 out of 23 patients with shear-wave elastography (Aixplorer ® , SuperSonic Imagine, Aix-en-Provence, France). Two patients suffered from polycystic liver disease; therefore, it was not possible to perform liver stiffness measurement. Liver fibrosis stage (F1-F4) was derived from the liver stiffness values in kPa obtained by shear-wave elastography based on the table provided by the device manufacturer [24] . Six patients had liver cirrhosis; all six cirrhotic patients were infected with genotype 1b and had well compensated liver disease with no signs of proteosynthetic dysfunction (albumin, bilirubin, and prothrombin time values within normal ranges), ascites, or encephalopathy.
All patients were treated with PrOD with or without RBV for 12 weeks. All antivirals were administered in accordance with the European prescribing information [19, 20] effective at the time of treatment initiation with the exception of liver transplant recipients who were also treated for 12 weeks instead of 24 weeks. The shortening of treatment period in liver transplant recipients was in accordance with EASL 2015 Guidelines [25] which were effective at the time of treatment initiation. The doses of the administered drugs were as follows: Paritaprevir/Ritonavir/Ombitasvir 150/100/25 mg once a day and Dasabuvir 250 mg twice a day. RBV was administered to two non-cirrhotic patients with genotype 1a and to 5 out of 6 cirrhotic patients infected with genotype 1b. All the liver transplant recipients were treated with RBV. The dose of RBV was reduced to 200 mg twice a week according to renal function and its tolerability in the previous course of therapy. Sustained virological response (SVR) was assessed as HCV RNA negativity 12 weeks post-treatment.
In all patients, the concomitant medication was checked for potential drug-drug interactions with the effective PrOD Summary of Product Characteristics (SPC). The concomitant medication was classified into three groups: contraindicated administration with PrOD (statins, amiodarone), administration possible with dose adjustment (ACE inhibitors, angiotensin-II receptor inhibitors, calcium channel blockers, diuretics, and tacrolimus), and drugs without anticipated interactions (omeprazole, aspirin, erythropoiesisstimulating agents [ESA] ). The initial adjustment of concomitant medication was performed on the day of treatment initiation. Further medication adjustment was done on-treatment according to the physical examination and laboratory parameters. The initial dose of tacrolimus was 0.5 mg weekly and was further adjusted according to tacrolimus blood levels, which were assessed on a weekly basis in the first month and then monthly (or more frequently), if needed.
Laboratory assessment HCV RNA was assessed by the Roche COBAS
® AmpliPrep/COBAS® TaqMan® HCV Quantitative Test v2.0 (Roche Molecular Systems Inc., Branchburg, NJ, USA) at baseline, at weeks 4, 8, and 12 of therapy and 12 weeks after the end of therapy. HCV genotype was assessed before treatment initiation using the SIEMENS Versant® HCV Genotype 2.0 Assay (LiPA) (Siemens Healthcare Diagnostics Inc., Tarrytown, NY, USA).
Safety evaluation
All patients were regularly monitored for treatment efficacy and side effects at baseline, treatment weeks 4, 8, and 12 and 12 weeks after the end of therapy. Apart from query on medical history, side effects, and safety and efficacy of laboratory analyses, each visit consisted of overview of concomitant medication. This included a check of the monthly records provided by the haemodialysis units containing complete concomitant medication overview and the course of haemodialysis therapy. The patients underwent physical examination at each visit including body weight and blood pressure measurement. Laboratory assessment at each visit included among others blood count, prothrombin time, liver function tests (ALT, AST, ALP, GGT activities), total bilirubin, creatinine and minerals.
The adverse events (AE) were recorded as follows: any AE or serious adverse event (SAE), including any event requiring hospitalisation, life-threatening event, or death. The relation with the administered medication was also assessed. The haematological side effects (haemoglobin level ≤ 100 g/L, abnormal white blood cells ≤ 4, 0x10 9 /L or platelet count ≤ 70 x10 9 /L), and liver toxicity (any abnormal ALT, AST, and bilirubin levels during treatment) were of special interest.
Statistical analysis
Data are presented as means, standard deviations, medians, and ranges, as appropriate. The changes in laboratory values at the particular therapy timepoints and during the follow-up were compared by the Kruskal-Wallis test. P value <0.05 was considered statistically significant throughout the study. Statistical analysis was performed using the R programming language v. 3.2.0 (www.r-project.org).
Ethical standard
The patients' informed consent was not required by local law because of the retrospective design of the study and the use of data from which the patients' identification information had been removed.
Results
Treatment efficacy
All 23 patients completed the planned 12-week course of treatment. All achieved negative viraemia on treatment and HCV RNA remained negative 12 weeks after the cessation of therapy (SVR 12 achievement). All 12 patients with elevated baseline ALT activity achieved ALT normalisation on PrOD treatment and remained within normal value ranges during the follow-up period. 
Treatment tolerability
The treatment was generally well tolerated. Eleven patients (48%) presented with at least one adverse event. The adverse events reported during treatment are listed in Table 2 . The most frequent adverse events were nausea (5 patients), diarrhoea (3 patients), hypotension (2 patients), and hyperkalemia (2 CKD4 patients). These adverse events were mild and resolved without sequelae. Nausea and diarrhoea resolved spontaneously after the end of the treatment, hypotension resolved after adjustment of antihypertensive medication. Hyperkalemia in two CKD4 patients resolved after decrease or interruption of spironolactone.
Five adverse events in four patients during the treatment period were considered to be serious: the patients with SAE required hospital admission, but none of the events was considered to be related to antiviral treatment. One patient underwent gastrectomy on PrOD treatment. He presented with epigastric pain in the first week of treatment: gastric ulcer was found and an early-stage gastric cancer was diagnosed. The patient continued the PrOD treatment without interruption after gastrectomy (via nasojejunal feeding tube in the first week postoperatively) and achieved an SVR. The initiation of haemodialysis immediately after the operation in this patient was evaluated as a further SAE. The second patient presented with the retained kidney allograft rejection. He stopped immunosuppression shortly (only weeks) before PrOD treatment initiation. The patient underwent graftectomy on PrOD treatment and achieved an SVR as well. The third and fourth patient with SAE presented with severe bacterial infections (salmonellosis and renal cyst infection), both patients required intravenous antibiotic treatment with hospital admission.
The values of haemoglobin, leukocytes, and platelets during the treatment period and at week 12 after the end of therapy did not significantly differ from baseline values. There was no difference observed in haemoglobin values when comparing patients receiving RBV with the group without RBV (Fig. 1) . None of the cirrhotic patients experienced decompensation during treatment and follow-up period. Consistently with the serum ALT activity normalisation, none of the patients presented with liver toxicity of PrOD regimen. None of the seven patients receiving ESA at baseline needed their dose escalation. In the patients without ESA baseline therapy, none had to initiate this therapy during the antiviral treatment course, independently of RBV administration.
One of the baseline CKD4 patients initiated maintenance haemodialysis subsequently to gastrectomy. The other three CKD4 patients had stable kidney function during the treatment period and the 12-week follow-up. Their GFR values were as follows: initially 26, 28 and 21 ml/min., at the end of therapy 35, 34, 18 ml/min. and 34, 24 and 16 ml/min. at week 12 after the end of therapy, respectively. 
Drug-drug interactions
The median number of concomitant drugs was 9 (range 5-18) in one patient. Concomitant medication had to be modified simultaneously with the treatment initiation in 10 out of 23 patients (43.5%), two of whom required further adjustment of antihypertensive treatment during antiviral therapy and two other patients needed tacrolimus dose decrease on treatment. The most frequent drugs which had to be adjusted at the treatment initiation were: statins (3 patients), ACE inhibitors (6 patients), angiotensin-II receptor inhibitors (2 patients), and diuretics (2 patients). The initial dose of tacrolimus had to be adjusted to 0.2 and 0.3 mg weekly in two out of three patients, with one patient kept on the initial dose of 0.5 mg weekly. Subsequently, the tacrolimus level was in the therapeutic range and none of the patients experienced tacrolimus overdose or acute graft rejection owing to inadequate tacrolimus levels. After antiviral treatment cessation, all patients resumed their chronic concomitant medication during the first week posttreatment. The overview of concomitant medication adjustments is shown in Table 3 .
Discussion
The PrOD regimen (with or without RBV) had an absolute efficacy in our group of CKD5 (haemodialysed) and CKD4 patients infected with HCV genotype 1, all of whom achieved SVR12. None of the patients discontinued treatment prematurely. The SVR rate in our group of patients is consistent with the results reported by other authors [13] [14] [15] [16] . In the RUBY-I study, the achieved overall SVR rate was 90% (intent-to-treat 95%) in CKD4 and CKD5, genotype 1 infected patients. This study did not include patients with liver cirrhosis, more than half of whom were infected with HCV subtype 1a. The SVR rate in patients infected with HCV subtype 1a was lower than in patients infected with subtype 1b as had been demonstrated in previous clinical trials dealing with patients with normal kidney function [10] . Contrarily, a universal SVR rate was achieved in the TURQUOISE-III study [11] , which included sixty compensated cirrhotic patients infected with subtype 1b, even when the PrOD regimen was administered without RBV. Similar SVR rates (excellent or absolute) were described in two real-life cohorts of haemodialysed patients: the SVR rate in the study by Muñoz-Gómez et al. [15] was 95.7%, where 2 out of 46 patients discontinued treatment for non-virological reasons, but the analysis evaluated patients infected with genotypes 1 and 4 together. Abad et al. [14] achieved an absolute SVR rate in a group of 35 haemodialysed patients infected with genotypes 1 and 4. The explanation for the 100% SVR rate in our group of patients may be due to our patients being predominantly infected with HCV subtype 1b (20 of 23, 87%). Adding a reduced dose of RBV to PrOD did not have a negative impact on the achieved SVR rate. As the optimal RBV dose in haemodialysed patients has not been established so far, we compared the dose of RBV given to our patients (200 mg twice a week) with the RBV dose used in RUBY-I study (200 mg once a day). Our decision to reduce the RBV dose was based on the high rate of RBV discontinuation in the RUBY-I study [13] and on the known RBV tolerability in our subgroup of treatment-experienced patients who had previously failed peginterferon-α and RBV treatment. Consistently with the current SPC of PrOD, RBV addition was needed only in subtype 1a infected patients [19, 20] . However, in the period during which we were starting treatment in most of the cirrhotic patients, RBV addition was recommended for subtype 1b infected cirrhotics as well. Based on the result of TURQUOISE-III study [11] , the recommendation was modified and the SPC was updated; PrOD combination without RBV was administered to the last cirrhotic subtype 1b patient in our group.
Owing to the reduced dose of RBV, none of our patients needed ESA dose increase or blood transfusion and none of them developed anaemia. Anaemia was the most common AE in the RUBY-I study, and RBV was interrupted in 9 out of 13 HCV subtype 1a patients to whom RBV was administered [13] . In the study by Muñoz-Gómez et al. [15] , 16 out of 27 patients receiving ESA (10 of them treated with RBV), and in the study by Abad et al. [14] , 15 out of 28 patients receiving ESA needed an increase of the ESA dose. We assume that the reduced RBV dose was the reason for different AEs profile in our cohort of patients. None of our patients complained of asthenia, while in the other three above-mentioned studies, asthenia was common. Asthenia represents a common symptom of anaemia and its absence in our group of patients is most likely associated with the absence of anaemia. The most common AE in our group was nausea; in general, it was mild and transient. Shortly after the ingestion of tablets, patients complained of nausea, which disappeared within hours.
We observed five SAEs in four patients. In our opinion, none of them was PrOD or RBV related. The patient who underwent gastrectomy for early gastric cancer on PrOD treatment presented with epigastric pain in the first week of the treatment. The cancer certainly developed before treatment initiation. The PrOD regimen has not an immunomodulatory effect. Neither acute rejection of the retained kidney graft nor the severe bacterial infections could be related to the PrOD treatment. The reason for the start of haemodialysis in the CKD4 patient with early gastric cancer was the major abdominal surgery, not the deterioration of the renal function owing to PrOD treatment. The remaining three CKD4 patients had stable renal function during treatment and follow-up period consistently with the reported absence of nephrotoxicity of PrOD regimen in registration trials. In accordance with the fact that PrOD regimen did not have a negative impact GFR in CKD4 patients, we evaluated the hyperkalemia in two patients as a consequence of potential drug-drug interaction between PrOD and spironolactone in severe kidney function impairment, which has not been described so far.
Based on our previous experience with peginterferon-α-based regimens in haemodialysed patients who had a high rate of premature treatment termination [26] , we consider the PrOD regimen as a regimen with excellent tolerability in this special group of patients.
As mentioned above, HCV infected patients on haemodialysis, who were referred to antiviral therapy shortly after the DAAs treatment regimens introduction, represent a group of patients with many comorbidities and with abundant concomitant medication. Those haemodialysed patients with HCV infection were waiting for an efficient treatment modality for several years [3] . The median number of concomitant drugs used by our patients was comparable with the number of drugs in the study by Muñoz-Gómez et al. [15] . The average age of patients in both groups is also comparable; 53.7 years in our patient group and 56.2 years in the above-mentioned study. Similarly to the published results, we had to adjust concomitant medication in 43.5% of the patients before antiviral treatment. The most frequent drugs which had to be adjusted included statins, ACE inhibitors, angiotensin-II receptor inhibitors, and diuretics. In contrast, we had to make further medication adjustments after starting antiviral treatment (in 4 patients, 16 .7%) because of hypotension and hyperkalemia or tacrolimus dosage adjustment. This fact underlines the need for careful monitoring of blood pressure and laboratory parameters after starting the treatment. The adjustment of tacrolimus dose is of high importance in patients with another organ graft. Regular tacrolimus blood level monitoring is the only way to avoid tacrolimus levels fluctuation, which can lead to the risk of acute graft rejection or tacrolimus toxicity. The weekly tacrolimus dose of 0.2-0.5 mg turned out to be an optimal approach. In contrast to the sofosbuvir-based treatment regimens [27] , in PrOD regimen, patients may continue omeprazole administration without treatment efficacy alterations. This is important especially in haemodialysed patients, who have a higher risk of gastrointestinal bleeding in comparison with general population [28, 29] . They often use low-dose aspirin or other antiplatelet agents to prevent the arteriovenous fistula occlusion, and they are regularly given anticoagulants during haemodialysis sessions.
Finally, the use of amiodarone may lead to a perilous drug-drug interaction with PrOD regimen (risk of severe bradycardia or cardiac arrest in elevated plasma amiodarone levels) [30] . There is no safe antiviral treatment alternative; amiodarone is incompatible with sofosbuvir-based regimens [31] , and grazoprevir and elbasvir regimen administration with amiodarone has not been studied yet [32] . The only option for allowing antiviral treatment in patients on amiodarone is stopping its administration and replacing it by another antiarrhythmic. We were not able to start the PrOD treatment in two patients on amiodarone referred to the antiviral treatment in the same period, but both were ready to start treatment shortly. We successfully substituted propafenone for amiodarone in one of the patients. In the second patient, amiodarone treatment was stopped after mitral valve replacement, and the patient remained stable on betablocker therapy. In both patients, the weaning period of three months had to follow after amiodarone cessation.
The retrospective studies are generally considered to be inappropriate for the evaluation of adverse events and drug-drug interactions. On the other hand, haemodialysed patients represent a group of patients with the most accurate medical records. Haemodialysed patients in our study had three visits a week and the CKD4 patients were followed up on a monthly or bimonthly basis. Using the same structured recording system in all haemodialysis units in the Czech Republic allowed a precise retrospective analysis of concomitant medication and adverse events despite the patients being treated in different haemodialysis units.
Conclusion
We conclude that despite numerous drug-drug interactions of PrOD regimen, it may be administered to almost all CKD4 and haemodialysed patients after a careful initial adjustment of concomitant medication and with cautious monitoring, especially in the initial phase of the treatment.
